Soybean Glycine max L. Merrill var. Amsoy 71 root caflus tissue labeled with Il-"4CI2,4-dichlorophenoxyacetic acid (2,4-D) which was subsequently incubated for 24 hours in the absence of 2,4-D, released considerable amounts of label into the media. These results led to an examination of the efflux of 2,4-D and 2,4-D metabolites during a 6-hour time period. Fifty % of the free 2,4-D was lost in 15 minutes and 99% in 6 hours. After 6 hours, only about 48% of the ether-soluble fraction (mainly the glutamic and aspartic conjugates) and about 33% of the aqueous-soluble fraction (mainly hydroxylated glycosides) effluxed from the tissue. Neutral red efflux from stained callus tissue was enhanced only 5% above the control by treatment with 7.5% dimethylsulfoxide (DMSO) and 50% with 20% DMSO. Similar soybean callus tissue preincubated with 11-"4C12,4-D and subsequently incubated with H20, 7.5% DMSO, and 20% DMSO was examined for efflux of 14C label. DMSO similarly enhanced the efflux of the ether and aqueous soluble conjugates.
The growth and development of plants must involve regulation of hormone synthesis, movement, and inactivation. Evidence suggests that auxin movement and auxin conjugation may be important factors in regulation of elongation (1, 16) . It has been postulated that the vacuole contains a substantial amount of the cell's auxin (15) and that much of the intercellular polar movement of aLxin occurs by diffusion through this compartment. Cande and Ray (2) supported the view that auxin moves between cells by permeating the cell membranes and diffusing through the cell wall. It was concluded that IAA passively entered cells of the green alga Hydrodictyon and during a 2-h period of efflux more than 90%Yo of the auxin appeared in the medium (15) . The efflux of auxin from higher plant tissues is a more complex process, but it has been calculated that it takes 30 min to deplete a cell of auxin (5, 13) . Metabolites of exogenously supplied IAA appeared in tissue but only unaltered IAA was capable of efflux from the tissue (9) . Although IAA-myo-inositol was transported from the endosperm of germinating corn seed to the shoot at 400 times the rate of free IAA (14) , this may involve phloem transport rather than polar transport. The auxin-like herbicide 2,4-D is readily metabolized by callus tissue (3, 4, 7) . Incubation conditions can be manipulated to favor the formation of amino acid conjugates or aqueous-soluble glycoside metabolites (4). It was observed that 8-and 9-week-oldsoybean root callus tissue regulated the level of free 2,4-D by converting excess 2,4-D into mainly aspartic and glutamic acid conjugates (3) . The objectives of the present study were to investigate efflux of conjugates and free 2,4-D from soybean callus culture cells with or without treatments known to alter membrane permeability. These data provide information related to conjugation and the intracellular location of the conjugates.
MATERIALS AND METHODS
The isolation and maintenance of soybean root callus (Glycine max L. Merrill var. Amsoy 71) were described previously (3) . All tissue was cultured on agar solidified medium with 10 ,LM anaphthaleneacetic acid and 2.32 uM kinetin (10) .
Eight-week-old callus tissue was aseptically transferred to 125-ml flasks containing 50 ml of liquid medium containing [l-14CJ 2,4-D (10.1 mCi/mmol ICN) and incubated for 24 h. In two experiments, the medium was decanted and the tissue washed (sterile media without auxin), prior to incubation in media with or without 2,4-D (90 psm) for an additional 24 h (4). All tissues were incubated on a linear shaker (120 oscillations/min) at 21°C under ambient fluorescent light.
Four-week-old tissue was allowed to absorb 0.01% neutral red in KH2PO4/K2HPO4 buffer (pH 7) for 10 min, washed twice in distilled H20 and incubated with shaking for 30 min in water containing various concentrations of DMSO.2 Neutral red remaining in the cells after 30 min was released by boiling the incubation mixture for 10 min. Neutral red released from cells was measured with a Klett-Summerson photoelectric colorimeter (54 filter).
In order to observe tissue efflux of 2,4-D and its metabolites, 4- week-old tissue was incubated for 24 h in [1-'4C]2,4-D and then the incubation media was decanted. The tissue was washed with 50 ml distilled H20 and then incubated for 30 min in H20, 7.5% DMSO, or 20%o DMSO. In some of the experiments, the tissue was removed and incubated in a fresh solution another 30 min in either H20, 7.5% DMSO, or 20%1o DMSO as indicated (Table IV) .
Efflux over a longer interval without DMSO was also examined. Four-week-old tissue (5. Younger Amsoy-7 1 root callus tissue (4-week-old) had been shown to form less amino acid conjugates than older tissues (8- (Fig. 1) . The percentage of 14C in each fraction present in the tissue or the medium after 6 h sequential efflux is presented in Table II . Approximately the same relative composition of metabolites and free 2,4-D was found in 4-week-old Amsoy root callus after 30 h incubation in [1-14C]2,4-D as was found in the combined efflux media and tissue after 6 h sequential efflux. The amino acid conjugates accounted for about 25% of the label in both treatments (Table II) . When the tissue that had been incubated with [1-14C]2,4-D for 24 h was subjected to the 6 h sequential efflux period, almost all of the 2,4-D, about 48% ofthe ether-soluble metabolites (mainly glutamic and aspartic conjugates), and about 33% of the aqueous-soluble fraction were recovered in the medium (Table II) .
Fifty % of the 14C-labeled 2,4-D was lost from the tissue in 15 min, while only 14% of the ether-soluble metabolites and 10%o of the aqueous-soluble metabolites (mainly glycosides) were lost at this time (Fig. 1) . After 2 h, the slopes for tissue loss of 2,4-D and its two major classes of metabolites approached linearity. The rapid loss during the first 10 to 15 min apparently represents freely diffusible space, and about 50%o ofthe 2,4-D is in this compartment and diffuses out in 15 min. Montague et al. (11) have claimed that the plasma membrane is freely permeable to 2,4-D. The more polar metabolites are likely to be less permeable across the plasma membrane and could be localized in the vacuole as well. It has been reported that soybean suspension cells grown for 3 d in [2- 14CJ2,4-D and then transferred to a 2,4-D-free medium lost 88% of their free 2,4-D and 18% of their amino acid conjugates during the first h of efflux. In these studies, the degree of conjugation to amino acid conjugates was inhibited by the presence of kinetin in the culture media (12) . This could also be true for previous studies (3) where older tissues were incubated on fresh medium longer than 24 h. We previously (3) called this a younger physiological state associated with cell division.
It has been claimed that DMSO can act on the plasma membrane of cultured tobacco cells and render it more permeable to small molecules (6) . Concentrations of DMSO up to 10%o did not impair the capacity of the vacuolar membrane to retain neutral red, but above this concentration vacuolar membranes appeared damaged and neutral red was no longer retained by the tobacco cells (6) . Soybean root callus tissue stained in neutral red, rinsed, and incubated for 30 min in 7.5% DMSO released only 12% of the stain while 20%o DMSO caused the release of 56% of the stain.
Incubation with water resulted in the loss of only 5% of the neutral red. Microscopic observation tended to confirm that the 7.5% DMSO did not damage the vacuolar membrane but 20% DMSO did cause damage. Microscopic observation also indicated much neutral red was associated with cell walls and not removed by DMSO. Therefore, callus tissue incubated with [1-14C]2,4-D for 24 h was treated with 7.5% and 20%o DMSO for 30 min and the cellular and the medium composition was determined (Table III) .
